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THE CHEMISTRY OF LOCAL DERMAL INFLAMMATION*
J. C. HOTJCK, Pn.D. AND R. A. JACOB
The histological (1), biological (2) and clinical
(3) nature of the inflammatory response has been
a subject of intensive interest during the past two
decades. Despite this concern, little is known of
the chemistry of this vital process. For this rea-
son, we have studied some alterations in the
chemical composition of the connective tissue
(skin) in response to chemically induced local
inflammation (4, 5). This paper describes further
the results of our studies of the chemistry of local
inflammation resulting from the intradermal
injection of a chemical irritant (croton oil) in the
rat.
MATERIALS AND METHODS
A. Preparation of Animals
The sixty animals employed in these experi-
ments were male Sprague-Dawley rats weighing
initially 300-330 gms. These animals were housed
individually, fed on standard rat chow pellets,
and allowed water ad lib. To provide controlled
areas of injury, solutions made up to contain
75% (v/v) croton oil in peanut oil were injected
intradermally into the previously shaved abdomi-
nal skin on the left side of each rat. Peanut oil
itself was not an irritant. The depth of the necrotic
lesion so produced was directly proportional to
the concentration of irritant (croton oil), while
the surface area involved (ca. 1.5 cm2) was depend-
ent upon the volume of injectate (0.4 ml). The
pathology of these injuries has been described
elsewhere (4).
B. Preparation of Tissue Samples
At various times subsequent to injection,
groups of eight animals were anesthetized and
sacrificed by exsanguination. Both the injured
area of skin, and two gm. of skin from the right
(uninjured) side of each animal were removed,
dissected free of fascia, hair, muscle, and fat and
stored in the frozen state. The blood was allowed
to clot and the sera were frozen and stored.
Samples of both the necrotic and the uninjured
rat skin last about 30% of their weight through
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sublimation of their tissue water after five days
storage at 15° C. With further storage up to 21
days, the tissue samples lost less than 1% more
of their weight. In view of the technical difficulties
in lyophilizing all the tissue samples, and since
storage of samples for at least one week in the
frozen state resulted in a remarkably constant
30% loss in tissue weight, all the analytical results
were expressed per gm. of stored, cleaned and
shaven tissue.
Tissue samples (0.5 gm) both distal from and
local to the site of injury were hydrolysed for
eight hours at 1000 C inS ml. of 4N RC1. Duplicate
samples of each bydrolysate were analysed for
hydroxyproline (6) and hexosamine (7). The
nitrogen content of the hydrolysate was deter-
mined by a Nesslerization procedure (4). These
determinations provide a measure of collagen (8),
ground substance (9) and protein respectively.
The results were translated via a standard curve
into Mmoles or mmoles per gm. of stored, cleaned
skin, and were expressed as the mean and standard
deviation of the replicate determinations from all
the hydrolysates.
The uninjured skin was minced finely, pooled
and divided into two groups of tissue weighing
5.0 gm. each. These duplicate samples of uninjured
rat skin were extracted sequentially overnight in
the cold using a Lourdes high speed tissue blender
with 50 ml. of 0.15 1W and 0.50 1W sodium chloride
and 100 ml. 0.50 M citrate buffer (pH 3.6). These
extractions removed quantitatively the ground
substance and the neutral and acid soluble colla-
gens respectively, as has been described elsewhere
(10).
Duplicate samples of the various extracts after
centrifugation in the cold at 25,000 X G were
diluted 2:1 with 12 N HC1 and hydrolyscd and
analysed for hydroxyproline, nitrogen and hexo-
saminc as described above. These results were
reported as the mean and standard deviation of
all the replicate analyses of the duplicate extracts
per gm. of skin. The concentration of the insoluble
hydroxyproline was determined by subtraction
of tbe sum of the imino acid content of all three
extracts from the total dermal concentration of
h'vdroxyprolinc. Direct analysis of the residue
from these extractions was unreliable because of
the profound swelling occasioned by the extraction
procedure and the heterogeneity of any aliquots
selected.
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EXPERIMENTAL
A. Pathology of the Injury
Grossly, intradermally injected croton oil pro-
duced a necrotic response 24 hours after injection.
The ulcerous lesion formed by the irritant covered
an area of about 1.5 cm2, and was lightly out-
lined by crythema. After 4 days, all animals
formed an cschar which thickened, contracted
and eventually (13 days) was isolated from the
surrounding skin.
Histologically, all injuries showed a typical
hemorrhagic pattern of ulceration and necrosis
throughout both layers of skin, producing a de-
fect. A few days after cschar isolation, granula-
tion tissue began to form, and the wound healed
via fibroplasia and cpithelization. The area of
skin distant from the sites of the injury showed no
apparent alterations in histology over the whole
course of study.
The mean water content and standard devia-
tion of the fresh necrotic lesions during the initial
edematous phase (3 days after injection) and in
the uninjured skin from a separate experiment
involving 24 animals under similar conditions was
found by lyophilization to be 65 2% and 55
2% respectively for these animals. The water
content of the lesion after cschar formation (7
days after injury) was 60 3%. Subsequent to
eschar sloughing, the water content of the lesion
returned to normal levels (55%).
B. Chemical Analysis
The nitrogen, hydroxyproline and hexosamine
content of the 75% croton oil induced necrotic
lesion at various days after injection of the
irritant was determined, and expressed per gm.
of stored, cleaned skin as shown in Table I.
These results arc compared with those of unin-
jured skin from normal rats of equivalent weight.
Injection of the carrier oil alone was without
significant effect upon the chemistry of rat skin
after 48 hours.
The necrotic lesion lost about one mmolc of
nitrogen per gm. of stored tissue by the second
day after initiation of inflammation. After
cschar formation (4 days), when the total water
content of the fresh tissue was reduced to 60%,
the nitrogen content of the lesion was not signifi-
cantly reduced from normal. The total hydroxy-
proline content of the necrotic lesion was initially
reduced about 30% until formation of the cschar
when the tissue content of this imino acid was
reduced some 60% below normal. Within a week
after the eschar was sloughed, the total dcrmal
hydroxyproline content was restored to a normal
level.
Prior to cschar formation, the total dermal
hexosamine content of the lesion was increased
66% above normal. Immediately after eschar
formation, the total hexosaminc content of the
lesion more than doubled and sloughing of the
eschar did not significantly reduce this hcxos-
amine value. Restoration to normal dermal
hexosamine levels occurred 23 days after onset of
local inflammation.
The nitrogen, hydroxyproline and hcxosamine
concentration per ml. of unhemolysed sera
collected from rats at various days after injury
is shown in Table II. Neither the nitrogen nor
the hexosaminc content of the blood demonstra-
ted any appreciable alteration with dermal
inflammation although for a few days after
cschar formation, there was a significant elevation
in circulating hydroxyproline. Sera which had not
been previously hydrolyscd with acid did not
react with the Ehrlich's reagent to produce a
proper hydroxyproline chromagen. The circulat-
ing imino acid was completely precipitated by
50% ethanol and unlike tyrosine, was not
absorbed upon Noritc. For these reasons, it is
believed that the circulating hydroxyprolinc is
part of a polypeptidc of unknown size. It should
be noted that the scra contained about one-tenth
as much nitrogen and one-third as much hexos-
amine as cleaned, stored rat skin.
A similar chemical analysis of uninjured
abdominal skin distant from the site of local
inflammation is presented in Table III. These
results demonstrate that although there was no
significant effect of local inflammation upon
either the nitrogen or the hexosamine content of
skin distant from the site of injury, the total
hydroxyproline content of this tissue was signifi-
cantly and profoundly reduced. Parallel histo-
logical sections of these tissues revealed no
significant morphological or histoclicmical altera-
tions when stained with hematoxylinc-cosin or
Van Gicson's collagen stain.
C. Extractive Dissection of Tissue Samples
Analysis of the sequentially extracted fraction
of the uninjured rat skin indicated that there were
no significant changes with time after injury in
the dermal concentration of either nitrogen or
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TABLE I
The chemistry of the local necrotic lesion at various
days after intradermal injection of 75% croton oil
Z5
Injury
Nitrogen
(mmoles/gm)
Hydroxyproline
(jimoles/gm)
Rexosamine
(pmoles/gm)
0
2
3
4
5
7
14
23
6.9
.4 210*±125.8± .3 228*±10
6.4 .4 270* 15
6.5 148*±8
6.8 150±1O
6.9 .5 170*±18
7.1 330
2
36*±4
35*±3
32*±316±1
* Means so marked are significantly different
(p < .05) from normal control values.
TABLE II
The chemistry of the sera of rats at various days
after local intradermat injection of 75% croton oil
Days Alter Nitrogen
Injury (mmoles/ntl) llydroxyprnline(moles/m1) ilexosamine(etmoles/ml)
0 .65± .04 .36 .02 4.5± .15
2 .71± .05 .35 .02 4.5± .20
3 .68± .04 .40 .03 4.3± .20
4 .63± .04 .40 .03 4.5± .30
5 .67 .04 .48* .03 4.8 .20
7 .63 .04 .50* .04 4.0 .20
14 .60 .04 .42 .03 4.1 .15
23 .63± .4 .40 .03 4.2± .15
* All means so marked nrc significantly differ-
ent (p < .05) from the control value.
TABLE III
The chemistry of the uninjured skin of rats at
various days after local intradermat
injection of 75% croton oit
Days Al-
ter Injury Nitrogen(mmoles/gm) Hydroxyproline(eemoles/gm) Hexosamine(etmoles/gm)
0 6.9±.3 360
2 7.0± .3 254*±12 14±1
3 7.3±.4 264*±12 15±1
4 7.1± .3 262*±14 14±1
5 7.3±.4 265*±15 15±1
7 7.2±.4 260*±11 15±1
14 7.0± .3 305*±18 14±1
23 7.1 .3 360 22 14 1
* All means so marked are significantly (p < .05)
lower than the control values.
hexosamine. The alterations in the hydroxy-
proline content of these fractions were profound,
however, and the results are presented in Table
Iv.
Isotonic saline soluble hydroxyproline, the
significance of which is unknown, was not signifi-
cantly affected by local inflammation. The 0.5 M
salt soluble hydroxyproline was reduced about
65% below normal two days after the onset of
local inflammation, and remained depressed
even in the apparently healed wounds. Citrate
soluble hydroxyproline was not maximally
elevated until after the local injury had formed
an eschar. The sloughing of the esehar was with-
out apparent effect upon the imino acid content
of all three fractions.
The concentration of insoluble collagen was
reduced by 33% two days after injury. Esehar
formation was without effect upon this fraction,
but with eschar sloughing, there was a significant
increase in the insoluble hydroxyproline content
of the skin distant from the site of injury.
EESULTS
The edema resulting from inflammation
increased the dermal water content from 55
2% to only 65 3%. After eschar formation,
the water content of the lesion decreased to 60%.
This dilution of the nitrogen content of the lesion
with water during the initial edematous phase of
local inflammation was sufficient to explain the
transient decrease in the dermal concentration of
this component. The decrease in the hydroxy-
proline content of tke necrotic lesion was too
large to be accounted for completely on the basis
of dilution by edema fluid. After esehar forma-
tion, the hydroxyproline concentration of the
lesion was still significantly reduced below
normal. One day later, this value was reduced
even further, while the tissue content of nitrogen
was restored completely to normal levels.
Shortly after injury, the hexosamine content
of the necrotic lesion increased significantly.
This value increased proportionately to the
decrease in the water content of the lesion with
esehar formation. After esehar formation, there
was a further profound increase in tissue hexos-
amine concentration, while there was no change
in the concentration of nitrogen in the lesion.
The hydroxyproline content of the uninjured
skin distant from the site of local injury decreased
profoundly in the face of a constant dermal
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TABLE IV
The extractive dissection of the uninjured skin of
rats at various days after local intradermal in-
jection of croton oil with respsct to hydroxyprotine
Cumoles/gm)
Extract
0.50 M NaCI Citrate Residue
0
2
3
4
5
7
14
23
7±16±16±1
6±16±1
7±1
8±1
9±1
29
1P±1
12*±114±111±l
10'±1
11±1
12*±1
12 312
38±4 199*±2046±5 201±25
47*±5 195*±2050±5 194±20
50*±6 190*±20
52*±5 233*±21
27±2 323
Means so marked are significantly different
(p < .05) from normal control values.
nitrogen concentration. That the nitrogen content
was representative of protein is indicated by the
fact that more than 90% of the soluble nitrogen
was precipitated by triebloracetic acid (20%
w/v). This non-protein nitrogen represented less
than 6% of the total dermal nitrogen content.
The loss in dermal hydroxyproline from unin-
jured skin distant from the site of injury was
found to result primarily from a marked decrease
in the concentration of insoluble hydroxyproline.
Associated with this specific decrease in insoluble
hydroxyproline was an increase in the dermal
concentration of citrate soluble imino acid and a
decrease in the 0.5 M saline soluble material.
In spite of these changes with respect to the
hydroxyproline content of the uninjured skin,
there were no changes in the nitrogen content of
either the skin or the various extracts.
DIscussIoN
One mg. of collagen contains about 13.6%
hydroxyproline, or 1 jsmole, and 18.6% nitrogen
(11), or approximately 13.3 jsmoles. Therefore
the amount of collagen in a tissue in milligrams
is equal to the number of Mmoles of hydroxy-
proline (11). Multiplyiag this value by 13.3
gives a good estimate of the collagenous nitrogen
in a given tissue sample. Since most proteins
and glycoproteins would contain about 16%
nitrogen, or 11.4 pmoles per mg., dividing the
difference between the total nitrogen, after
correction for non-protein nitrogen (6%), and
TABLE V
The chemical anatomy of fresh normal rat skin and
the edematous and post-edematous necrotic lesions
resulting from the intradermal injection of 75%
of croton oil
Normal
(mg/gm)
Edematous
(mg/gm)
Edematous
(mg/gin)
Water*
Collagen
Proteint
Fat
550
240
106
104
650
142
171
37
600
100
269
31
* Determined by lyophilization.
t Determined from hydroxyproline analysis.
Total nitrogen-collagen nitrogen/i 1.4.
§ By difference.
the collagen nitrogen in jsmoles by 11.4 provides
an estimate of the milligrams of non-collagenous
protein in a given tissue sample.
Using the data of table I prior to eschar forma-
tion, one gram of necrotic tissue loses about 140
mg. of collagen and therefore 1.8 mmoles of
collagen nitrogen. Since the actual measured
loss in dermal nitrogen from the lesion was about
one mmole, apparently 70 mg. of extra non-
collagenous protein (800 Mmole/11.4) appeared
in the wound during necrosis. The difference in
total tissue weight (70 mg/gm) would be ac-
counted for by the increase in dermal water with
inflammation. After esehar formation, however,
the necrotic tissue lost about 210 mg. of collagen
or 2.7 mmoles of nitrogen. Since the total nitrogen
of the wound returned to 6.7 mmoles/gm., if all
the newly deposited nitrogen was due to protein
deposition, about 218 mg. of non-collagenous
protein appeared in the lesion.
This increase in non-collagenous protein with
decreasing collagen in the necrotic lesion is more
striking if the analyses are corrected for a 30%
water loss by multiplying the appropriate values
by 0.68 (10). A separate analysis of fresh, cleaned
rat skin gave values within a few percent of those
found by correcting the data obtained using
stored tissues. The sum of total water, collagen
and other protein in fresh skin permits the
calculation of the total tissue fat content by
difference as shown in Table V. This table
describes the chemical anatomy of skin before
and after eschar formation, and compares these
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results with those obtained using normal unin-
ured tissue from animals of equivalent weight.
The calculated value for total dermal fat
per gni. of normal, fresh, cleaned rat skin is
close to that reported recently by Kao et al (12).
The loss in dermal fat with inflammation is
consistent with the observation of Schilling and
Milch (13) that there is a large amount of lipid
found in wound exudates.
The ratio of dermal to sera hexosamine
concentrations was about 3 in the uninjured
animal. During the initial edematous reaction of
the skin to injury, the hexosamine concentration
of the wound increased by 50%. Since there was
no concomitant increase in the circulating con-
centration of hexosamine, the skin to sera ratio
was increased to 5. In the light of this concentra-
tion gradient it seems unlikely that increases in
wound hexosamine could be due to serum glyco-
proteins as has been suggested by Jackson (14).
Further doubt concerning the blood as the
origin of the lesion hexosamine is occasioned by
the fact that smaller increments in this tissue
amino sugar occurred during the initial edematous
response to injury than when the plasma content
of the wound was reduced after eschar formation.
Therefore, because of the parallel increase in
the concentration of non-collagenous protein and
hexosamine in the necrotic wounds, it is suggested
that perhaps the lesion contains increased
amounts of a glycoprotein derived dermally.
The decrease in the collagen content of the
uninjured skin distant from the site of injury
was not associated with a similar decrease in
either the total or the insoluble dermal nitrogen
content of the skin. This loss in collagen there-
fore cannot be part of a general anabolic response
to the stress of injury, but must he specific for
this protein alone. Such specificity suggests
strongly the possibility of dermal collagenase
activity occurring in response to some facet of
local inflammation. The existence of dermal
proteases has been amply demonstrated (15),
while a mammalian collagenase has been found
recently in pancreas (16). The data may then be
interpreted in the light of enzymatic collagenol-
ysis reducing the dermal concentration of
insoluble collagen, the products of this hydrolysis
draining away from the skin via the dermal
lymphatics.
Decreases in the neutral soluble dermal
collagen and increases in the acid soluble collagen
similar to those found in uninjured skin with
local inflammation occurred in the skin of rats
which had received sodium Dilantin intraperi-
toneally (17). These same changes in the soluble
collagens which with Dilnntin resulted in a
synthesis of insoluble dermal collagen, were
associated with a degradation of insoluble
collagen with local inflammation. Rats subjected
to cortisol injection also demonstrated these
alterations in the solubility of dermal eollagens as
well as a specific decrease in insoluble collagen
similar to that resulting from local inflammation
(18). Therefore it is suggested that in response to.
the relatively minor stress of local inflammation,
cortisol is teleased via the pituitary-adrenal
axis, which in turn effects either the release or
the activation of a dermal collagenase. This
enzyme would then rapidly decrease the dermal
concentration of insoluble collagen. Since Dilantin
resulted in an increased concentration of insoluble
collagen, changes in the dermal concentration of
the soluble collagens were presumably charac-
teristic of collagen synthesis. Since such changes
were also found with "distant" local inflamma-
tion, it is suggested that in response to the loss
of insoluble dermal collagen via collagenolysis,
the fibroblast is stimulated to attempt to regene-
rate this material. Thus a loss in insoluble collagen
could result in an apparent "synthetic pattern
of changes in the concentration of soluble
eollagens in the uninjured skin distant from the
site of local inflammation."
SUMMARY AND CONCLUSIONS
Inflammation produced two major chemical
changes in the dermis of rats, one local to and
the other distant from the site of injury. Locally,
there was a decrease in dermal collagen which
was more pronounced after eschar formation.
Associated with this loss was a marked local
increase in dermal hexosamine and a non-col-
lagenous protein. Evidence for the dermal origin
of glycoproteins in the necrotic lesion was pre-
sented. During inflammation, the total lipid
concentration of the skin decreased, while the
water content of the necrotic tissue increased
from 55 to 65% of the tissue weight. After
eschnr formation, the water content fell to 60%
of the tissue weight. Subsequent to esehar
formation, and during the period of maximum
local collagen loss, there was a significant increase
in circulating hydroxyproline.
Distant from the site of local injury, there was
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an immediate decrease in both 0.5 M saline
soluble and insoluble collagen. This loss in insol-
uble collagen was compensated for with respect
to total dermal nitrogen concentration, which
did not change, by an increase in insoluble
non-collagenous protein. Associated with these
changes in the insoluble dermal components was
an increase in citrate soluble collagen. The
specificity of this loss in dermal collagen with
local inflammation suggested the action of a
dermal collagenase. Previous work on the effects
of cortisol and Dilantin upon the chemistry of
rat skin suggested strongly that the specific
decrease in the dermal collagen content of
uninjured skin distant from the site of local
inflammation was a composite of two processes:
1) the enzymatic degradation of insoluble collagen
and 2) the attempted synthesis of new collagen
to replace that being removed by this collagenase
activity.
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